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ABSTRACT > . ^ 

This student module on working safely* in confined 
one of 50 modules concerned with job Safety and health. 

recognize potential hazards in confined 



spaces in 

This module explains how to 

spaces, Jiow to deal with. these hazards,, and how planning can prevent 
accidents. Following the introduction X17 objectives (each keyed to a 
page in the text) the student is-exp*g^Jto accomplish are listed 
(e.g., Identify the three major ha z aril associated with confined 
spaces and five possible sources of these hazards). Then each 
objective is taught in detail, Sometimes accompanied by > 
illustrations. Learning activities a re*' included. A list of references 
and answers to learning activities conplete the module. OCT) 
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INTRODUCTION 



f ' Each .industry and each situation has its own specific problems, and dan- 
gers. Prevention of injuries to the life and fjealth of. workers requires 
Jthat they be properly trained and well equipped to recognize, understand, 
and control the hazards they could encounter. The danger of hazards 'that . 
are not easily seen, smel led, .heard, or felt can^ represent deadly risks to 
people who work in confined areas. When a person works jh a confined area 
or space - one in which .dangerous air cont ami nation cannot be-prevented br 
removed by natural ventilation - the chance always exists that the oxygen 4 
level may be low, or combustibl^ or toxic gases may be present, 

Befere^ntry is made into a confined area, comprehensive written 
entry procedure should be, followed. Next, it should always be -assumed that- 
a" hazard is present and the environment should be measured before entry. If 
a hazard exi/sts or could exist, _then the environment shoulcUbe tested or 
momtpred for hazards before entry is made and periodically during work in * 
the confined space or area. Ability to'identify^and to de^ with the 
hazard, once it is recognized, should result in careful planrvjng and contrail 
of all work in confined spaces. * x 

This i^pdule explains how to recognize potential hazards in confined ■ 
' spaces, how to deal wtth these hazards, and tfje kinds of planning and con- 
.trol that is necessary to prevent confined space accidents. 



1 - V OBJECTIVES 



tfpom completion of this modul/e,' the student should be' at>fe to: 
Identify the three major hazards associated with confined spaces and 
five* possible sources of these hata/ds. (Page 3) * ' u 

2. Describe the effects of Tack of oxygen bn'hurryn beings and cite the 
minimym exposure .level established -by OSHA. (*Page 4)' 

3. Discuss the different ways ir/ which exposure to ^oxic substances in 
»' confined spaces may affect the worker. (Page 6) 
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4. List two preventive measures that may be taken to Safeguard cf|a*nst 
• flammabTe of explosive atmospheres in confined spaces. .(Page 8) 

5. List seven problems 'that must be considere# before engaging in any work 
"within a'tonfined space or vessel. (Page^lO) . K 

6. CpApare the differences between Class w ,^A, B, and C confined spaces. 
. (Page 15) 

7. Describe the .entry 'permit system "for working in confined spaces. (Page 
'16) • * . % ' < ' 

8. Contrast the medical exam requi rements -for workers in Class A and B 

cpnfined areas. (Page 19^ ' * 4 * 

i 

9. DiscuSl the first-aid provisions and training requirements necessary 
'for confined spate work. (Page 20)^ - < 

10. Discuss th£ testing, m&nitoring and environmental control procedures 
for confined spaces. (Page 22) 

11. -Discuss the requirements for labeling, postir^g, and wording safely, and 
providing protective equipment for work in confined 'spaces. (Page 29) 

12. Describe isolating, locking out, and tagging of Class Aand B confined 
spaces. (Page 35) 

lit. List the cleaning and 1 * housekeeping procedures for confined spaces. 
^ (Page 38} ' 

14. Describe the equipment and tools used in Clas^A, B, and C confined 
worki/ig spaces.' (Page 39) 

15. State the special precautions to be taken when working in confined 
spaces with hazardous atmospheres. (Page 40) 

16. Describe tfie types of records^that must bfe kept for Cla'ss A and B 
confined space working areas & 1 p age 42) 

17. Explain the precaution steps performed on boilers before entry is ^ 
made. (Page 43) 



t 
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SUBJECT MATTER 



. objective i: ident i fy the Ihree major hazards asso- 
ciated with confined spaces, and list f i ve 4)ossibl e 
sources of tfiese hazards, m s 



/ — ■ — r~ 

Most people who have^ died or been seriously injured during work in' con- 
fined 1 spaces either 'had litt'le knowledge of the inherent dangers or failed 
to take the necessary precautions, Including using proper personal protec- 
tive equipment and the J'-buddy system." The ttjree jnajor hazards associated 
.with confined spaces are oxygen deficiency, flammable atmospheres, and toxic 
concentrations of'airborne contaminants. 

Hazards are usually related to the substance previously stored in the , 
space, Jn most cases, the -potential problem can be grouped upder oneoh s 
more of the three major, types of hazards. Other sources of contamination] 
besides the previous contents of the vessel aVe vapors of flammable or toxic 
substances used for treating or cleaning the storage area,. fuel gases used 
within the vesseV, and gases from fermentation of oiaani^jnatter , Combus- 
tion by-products from engine exhaust, welding, or/explpsfons cre^ed within 
the\storage area are-\otential ly hazardous, toor * 1 



ACflVITY 1: 



m The hazdrd in a confined space Is always related to thq 
material previously stored in that space, '(Circle one,) 



Trtre 



False 



♦Answers to £cti,vtt\es* begin on Parge 45. 
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objective 2:7 Describe 


the 


effects' 


of lack of oxygen on ^ 


human beings, and cite 


the 


minimum 


exposure level estab-- 


Jished by OSHA. 









Lack of oxygen is the primary cause of illness jnd death in and around 
confined spaces. The normal concentration of oxygen in .the air is 21%. #The 
Occupational Safety and ^Health Amini Stration (OSHA) standards have 
established a minimum oxygen level of 19.5 percent as being permissible in a 
work environment. Exposure to .an -atmosphere containing less than 19.5 * 
percent oxygen is considered hazardous. 

Serious accidents often result wh^n .a per.sdb assumes that changes in 

i 

the atmospheric concentrations of varifus substances can be detected by the 
senses. Many of the contaminants encountered in confined spaces have a nar- 
cotic effect and actually dull the sepses. In addition, the effects of .ex- 
posures to some contaminants may not aro^s^ much J concern.*^ For instance, th,e 
first symptoms of th^lack of oxygen (anoxia) are ringing in the ears and 
labored breathing. .These symptoms would not necessarily alarms worker*, 
therefore, human senses may be misleading. . * * 

If -exposure to an oxygen-deficient atmosphere continues, the worker 
loses coordination and judgment is impaired. Drowsiness, lack of will to 
work, artd euphoria (a feeling"' of no concern) ofben sets ^n. When the amount 
of Oxygen in the atmosphere falls below'16 percent ,• more serious Symptoms of 
anoxia begin to appear, as tfre following stable shows: .1 



TABtE l/ HUMAN RESPQN5E*T0 BREATHING AIR DEFICIENT IN OXYGEN. 



Stage 


» t 

Oxygen Volume 
Percent V 


Symptoms * ' ' , ! 


1 


* 12-16 


Increased breathing and pulse rate; 
slightly disturbed musculaf coordina-;. 
tion. * / C 


. 2 • 


10-14 

• 


Continued consciousness; emotional up- 
sets; ^abnormal fatigue uppn k exertion; s 
di-sturbed respiration. 
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6 10 • ffausea, anil -vomiting; inability, to move 

freely; loss of consciousness m^y oc- * 
cur; may collapse and although aware of 
Circumstances, be unable to move or cry 

4 out. • * ^ 



^7 ' Below 6 [ Convulsive movement; gasping respira- 

* ■ tion; respiration stops and a few min- 

* * - utes later heart action -ceases. 



The following example describes one of the possible effects of. lack of 
oxygen in a confined space:, ' : 

^ An underground oil storage tanV that requifed cleaning 
had been used to store nitrogen. The- man assigned to 
clean the tank dropped an air hose into the tank befone j 
entering. As he r reached the bottom of the ladder, he 
passed- out. His he.lper outside the tank went in to help 
and, feeling faint, left without getting the man out. 
He went to get' assistance from a nearby maintenance x 
shop. * Three men came to XX\% tank and climbed 'down and 
, all were overcome. Finally, after almost £0 minutes, 
all men were recovered with the help of The fire . 
department. The only reason that' there were no + 
.fatalities was tha.t -the Airline in the tank was blowing 
air in the vicinity of t>i$ fallen workers. 

< 

Several safety precautions were overlooked in the situation cited 
above. No attempt was made to test the air after the air jiose was dropped - 
into the tank. VV € ry. little time elapsed between the dropping of the air 
hose and the. workers climbing into the tank. No rescue gear was present, 
and no rescue procedure had been planned. These preliminary steps and other 
precautions for work in confined spaces will be described in greater detail 
plater in this module. \ 



ACTIVITY 2: 



(Choose the best answer. ) 

1. The minimum acceptable le.ve! of oxygen ,in the 
f workers environment as determinedNby OSHA is: 
a • 16%. ^ « 

b. 21.5%. • 
d 19.5%. 
d. 12%.- 



k 1 
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2. Which of the following symptoms of anoxia vpuld^y 

• y 

manifest itself first? 

ft » 

a. Drowsiness, lack of will to work, ^uphoria. 

b. Sljghtly disturbed musqular coordination, 
* c. Nausea and'vomiti ng. v v 

d. Ringing in the ears and labored breathing. 



OBJECTIVE 3: Discuss the different ways in whicrf expo- 
sure to toxic substances in donfined-spaces may affect 
the worker. *j 



^One of the major hazards associated jtfith confined space i^toxic sub\ 
stances. Toxic substances may be Classified by their^physiological effecl^' 
The degree of the resulting effect depends on the^egree of toxicity and , 
atmospheric conce ntra tion of the*- substance. Toxic substances may affect the 
worker in a conf p^P^fface in several ways - as an irritant, asphyxiant, 
anesthetic, narcotic, systemic poison, or disabling respirable particulate 
matter, such as fibrosis-prockicing dusts and bacteria. The*higher the con- 
centration; the wirse the effect. * 

Toxicity in a confined space is* also relative to the size and* type of 
space involved. It is not absolute. A substance considered nontoxic under 
normal conditions can be lethal * in a confined^ space.* 

* The extent .of the effects may vary considerably. Severe poisoning may 
occur* Very short exposures to high concentrations of a material such as 
hydrogen sulfide (sewer gas), a substance that paralyzes the respiratory 
system, may be fatal. Chronic exposure (exposure over a period of time) to 
low concerftrations of this same substance may result in eye irritation, skin 
irritation, or general discomfort. The long term effects of .chronic, low 
level exposure are unknown at this time% 

Many toxic' substances are colorless, % odorless, and tasteless. This 
.further explicates their detection and essentially eliminates human sensory 
recognition. Some materials produce a symptom *known as olfactory fatigue, r 
which is' the inability to detect the presence of a substance by its odor 
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after an initial exposure. The timeworp consolation, "Oh, j>ouget used'to 
the smel] quickly," *jn many cases is actually a result of olfa^to-ry fatigue 
and the woniTer may be unaware, after a whiff or tyo; that the exposure to 3 
toxic substance is^continuing or even' increasing, 

'.The following acccfunt illustrates the potential severity of toxic sub- 
stances in confined spaces: 

t * » Employees of a local utility were repairing a water t t 

meter in an underground vault 18 feet x 6 feet.x 5'feet 
-with an opening 24 inches in diameter. To make the re- 
pairs, it was necessary to cut 26 cadmium-plated bolts 
with an oxygen propane torch. Two Tnen Worked in the 1 - 
vault with one man cutting and the ottier standing beside 
him. Neither man wore a res'piratpr and no ventilation 
was provided. Two other men remained on the surface. 
During the cutting of the bolts with the oxyge* propane - 
torch, a* "heavy blue smoke" filled the vault. This 
1 smoke was exhausted after the cutting "was completed. 

-The 56-year-old man who had cut^t^e bplts'died 17 days 
after exposure* He ^ became nauseated shortly after the 
job ahdf was .seen by* his family physician the qext day 
for fever (102°-103°F) , chest pain, coirgh, and spre 
throat. On- the 4th day fol lowing r the incident he vyas in 
greater distress and was hospitalized. Death .occurred 
* in 2 weeks and was'aUrHbut^d to massive coronary in- 

fraction and corpulmonale. The 29-year-old assistant 
complained of chills, nausea, cough, and difficulty in 
breathing. He was treated for pneumonia and made a slow 
recovery/ A reenactment of the work demonstrated that 
the exposure to/ cadmium was wel 1 above the threshold 
limit value of "0.1 mg/m Symptoms attributed to 
cadmium poisoning include: severe labored breathing and 
wheezing, che^ pain, persistent cough* weakness and 
malaise, anyross of appetite. The clinical course is . 
similar in most cases. The injured frequently are well 
enough to work the day after exposure, but their condi- 
tions 'deteriorate until approximately the 5th day^ .At 
this point the exposed worker will either get much worse - I 
or begin to iinprove. * • 

^ In^the previous case, no attempt was made to anticipate the -possible 
health hazards of. the cutting procedure, and no safety measures were taken. 
A few simple precautions would have saved a life. 
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(Fill in the blanks.) 

l; , The inability to detect the presence of a substance 
by its odor after initial exposure is known as 



2. 



• 

The extent of the effects of* a toxic Substance on a 

person is often-dependent upon % the * 

of the toxic substance in the atmosphere: 



'OBJECTIVE 4: 

taken- to sa 
spheres in confined spaces* 



List two preventive measures that may be 

* f 

taken- to safeguard -ag&inst flammable or explosive atmo- . 



When flammable liquids and vapo'rs reach 3 certain' concentration in air, 

the? wil Wlame or explode.' The minimum concentration of vapor in air below 

which flame or explosion does not occyr^is knqwn as the lower explosive * 

limit (LEC). There is also an upper explosive limit (UEL). When the ,con- 
* 

centration^of vapor in air reaches the upper expldsive limit, propagation pf 

# 

flame or explosion does not occur. 

When the concentration of a, flammable liquid, vapor, or combustible 
particulate in" air falU between the lower explosive limit and the upper ex- 
plosive i imit*, ,a very critical condition exists. Any tgnition source , 
(flame, spark,, or temperature above the auto-ignition point) in an area con- 
taining concentrations within the explosive range will cause a flash fire or 
explosion. * v 

The most obvious protections against these conditions are cleaning, 
purging of the confined space (drawing- out of the contaminated air with a 
suction device), or a combination of the two. Further precautions must be 
utilized to prevent ignition should a combustible atmosphere develop. 

The following example illustrates the potential for tragic consequences 
when safeguards are not provided., \ 
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^ Two men entered a newljf constructed tank to repair a 

bulge' which/had -formed after the-flangfe of the ftanhole 
was welcfed to the tank. The planned repair procedure 
was to have, two m^n^nter the tank with- a' jack to force 
% • , the flanjjfc o£^ermanhole into place white a third 
' worker heatVd ^the bCiJge from the outside. To accomplish 

s > ♦ this procedure the *men had. to "flOse the manhole." To im- " . - 

' * 'prBve^the air within the. tank, oxygen used for welding 

• • vfas -blown in,throu£lj m ope/iirrg. A worker on the oit-- 

side noticed throuigh the -opening' that the hajr of one of 
the workmen inside w$s ah^fjire.* The coyer was imme- 
diately removed and one Mjf the worker managed to es- ' 
cape. His clothing was burning* rapidly ; the 'second \ 
' worker had collapsed and ?ema*lfted unconsciQus inside. 
It became necessary t<3 inve'rt the tank to remove the« un- 
conscious workman. £oth yffrkmen who were doing work in- 
side suffered serious burns. *0ne died a short time 
Uter; th^second was hospitalized for severa^mooths. 1 * 
A rescuer in the operatiorf^was burned on the hands. - 

* Investigation of the accident revealed tjiat the us^ of ' 
oxygen in plajce .of ndfmal air gredftly hazard of Yir*e. 
^ Enriching the atmosphere wlth^only a small amount o^ f* 

i oxygen, above will cause a drajna'tic increase in tjfe 

ability of air a 'to support combustipn; hair as. we'll \ 
clothiYig wilj absorb fche oxygen antJ burn violently. . 
• Bnriched oxygen atmospheres could bfe the result of ' * 
v improper blanking off of oxygen lineSt, chemical 
v \ reactions which 1 i berate* oxygen, or inadver^eatly 
purging the space with'oxygen in place. 

fn this instance, proper purging of the atmosphere, inside the tank was 

bypassed; 'i ""quick method" of improving the atmosphere by propping in -an ■ 

oxygen line -was tfsed instead. The tragic results were" predictable and pre- 
, rentable. ' ' ■ . + [ ^ 4 ^ 



v 

W^^^b^^ ACTIVITY 4: H 



f 



1. List two preventive measures that may be 'taken to, 
safegQard against flammalf|e or explosive, atmo f - 
spheres in confined spaces. 



X 



« 2. Define these terms, 

avj LEL 
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* opJEcnte 5: List seven problems that must be consid-- 
.erfed befOre.engag-ing in any work within a confined space 
or ve'ssel., 



> There^are a host of problems that .must be considered before engaging.in 
•any\york within a confined space or v^%sel. Such problems include, but art* 
not 'limited to, .the areas outlined below/ / , 



MKHANICAL 



If activation of any piece of electrical or mechanical equipment would 
cauie injury to a person wording in a confined space; then the piece of 
equipment should be manually isolated to prevent inadvertent activation ^e- 
for£ workers enter or while they,, work in the confined area. The interplay 
af hazards associated with-*,cQ*nfined' space, such as the potential of flam- 
mable-vapors or gases being present arid the build-u^of static charge due ttf 
mechanical ^cleaning, such as abrasive #1asting f afll influence the precau- / 
tions which must taken. 

To ¥ prevlent yapor Teaks, flashbacks, an4 other hazards, Workers should 
completely isolate the area. To completely- isolate a Confined sp,ace the 
/closing of valves is not sufficient; All pVpes must be physically discon- 
nected of isolated* Wanked or. bolted *in t>la<fe. Other special precautions- 
'must be taken in case the flammable liquids. or vapors may recontamtnate the 
^onfinfed space. The pipes blanked onr disconnected should be inspected and 
- tested for leakagfe to check the effectiveness of the procedure. Other areas 
of cohcerrt are steam valves, pressure lines, and' chemical transfer pipes. A 
^Tess apparent hazard is created by any space referred to as a void, such as 
double-walled vessels, that must be given special consideration in blanking 
off and inert'ing. ' . . * * 

COMMUNICATION ' L~ 

Communication between the worker inside and the standby person^ outside 
is of utmost importance. If the worker 1ns.ide should suddenly have a prob- 
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lem and not be able to sumrrjon hfcjp, an injury coyTd becom§^a fatajfty. Fre- r 
quently, the body .positions, that must be -assumed in a confined space make it 
difficult for- the standby person to detect that the worker is uncoqscious. 
Wffl^visual monitoring of tfle inside worJcer is not possible because of, the 
design of J>he confined space or the location of the entry hatph, a voice or 
alarnnacti Vated explosion" -proof type of communication system wit> be 
necessary. * * 

ENTRY, AND EXIT ^ f 

( 

Oi^e of the potential hazards of ^confined space is the time required 
to, enter and exit. The extenV of the precautions taken and the standby 
equipment needed to maintain a safe work area will be determined in part* by 
r the eaSe Or difficulty required for rescue attempts^ The fallowing should 
be considered when equipping a confined area for emergencies: type of 
confined space^ to be entered, access to the entrance, number and size of 
openings, -barriers within the space, the occupanty load, and the time 
requirenient for exiting in the event of fire or dangerous levels of toxic 
*apor, aif9 the time required to rescue injured workers. / 

THERMAL EFFECTS ^ ' V 

V 

Four factors influeoce the interchange' of heat between humans and their 
environment: '(1) air temperature, (2) air velocity,. (3) moisture contained 
in the air, ami (4)^adiant heatC The moisture content and temperature of 
the air-in which one is working affects efficiency; it mgy also endangef-the 
worker's life. Because of'the nature and design of most confined spaces, 
moisture Content and radiant heat are difficult to control. As the body 
temperature rises progressively, a worker will continue to function until 
the "body 'temperature reaches 38.3-39.4°C. When this body temperature is 
•exceeded, the.* worker* is less efficient and prone to heat exhaustion; heat 
cramps, or heat stroke. The most severe strain in cold conditions is chill- 
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iijg of the body's extremities so that activity is restricted. Special pre- 
cautions mhst be taken in cold environments to'prevent frostbite, trench 
foot, and <j£neral hypotbermia. 

Insulated clothing for both hot and cold environments will usually pro- 
tect the worker, but it wifl also add additional bulk and must~^ considered 
in al lowing >f or movement in the confined spade and in allowing for exit 
tijBB*-- r" temperature of the environment then becomes an important 
'consideration when evaluating working condttions in confined spaces. 

NOISE I y 

Noise problems are usually intensified in confined spaces. Becau-wTfie"''' 
structure often cause? sound to reverberate, the worker is exposed to higher 
sound levels than in an opeq envi'ronment . This intensified noise increases 
th| risk of hearing damage that could result in temporary or permanent loss 
of hearing^ Noise in a confined space that may not be intense enough to 
cause hearing damage may still disrupt verbal communication with the emer- 
gency standby person outside the confined space. If the workers inside are 
not able to hear commands or danger signals duetto excessive liaise, the 
probability of severe accidents is increased. 

VIBRATION . f 

Vibration is another hazard often encountered in a confined space. . - 
Vibration may affect the whole body, or it may be limited to only one area. 
Whole body vibration may be regarded as a "generalized stressor" and may 
affect multiple body parts and organs depending upon the vibration charac- 
teristics. Segmental vibration, unlike whole body vibration, appears to be . 
more localized,/™ creating injury to the fingers and hands. of workers using, 
tools, such as pneumatic hammers, rotary- grinders or other hand tools that 
cause vibration. , * 
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GENERAL . 

Some physical hazards* cannot be .el iminated because of the nature of the 
confined space or the work to be performed. .These hazards relate to such 
'items as scaffolding, surface resjdufes, and structural hazards. The use of 
scaffolding in confined spaces bas %Qntributetf to many accidents caused by 
workers otj materials fal 1 1n(/ improper use of guard rails, »and lack of main- 
tenance to ensure worker safety/ , jie choice of material used for scaffold- 
incj depends upon the type of worK to be performed, the calculated weight to 
be supported, the surface on which the scaffolding is placed, and the sub- 
stance previously stored yi the confined space.- ' • 

Surface residges in confined spaces can increase the already hazardous 
* * potentials for^lectwcal shoclj, reaction of incompatible mat^riSls, libera- 
tion of toxic sQbstances, and bodily injury due to Slips 4nd falls. 

/Structural hazards within a confined .space such as baffles in horizon- 
tal tanks, trays in ve'rticaV tow&rs, bends in tunnels, overhead structural * 
,* 'members,* of. scaffolding installed^ for maintenance dre examples of physical . 
hazards.' In dealing with structural hazards, workers musty review and en- 
force safety precautions to assur^ safety. 

^esfcue procedures may require^withdrawal' of an injured yr unconscious 
'perf^n yhich means that aW possible problems of working in a confined space 
must be considered. Careful planning must be given to the way in which a 
Worker may be removed. If the'tfgrker is above the exit opening, the emer- 
gency system must include a rescue arrangement ^operated from outside the 

* 

/ confined space, if possibly by which the employee can be lowered and re- 
moved Without- injury. " ' ■ ' 
"If an? special problems! a>p anticipated or encountered, specialists 
should be consulted before arvy employees are exposed (see Figure 1). 

' Training and retrainfng isieSs^ntial to the success of confined spaces 
work. 0 * , ' ' 

Use of the "Buddy System" or a standby person is also most important. 
At no ttme should an employee en£er a confined space without proper authori- 
sation, monitoring, training/ 'equipment, arid a well trained buddy or standby 
person Outside^, the confined. space* " ^ 

4 
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Figure 1. ^Special problems should be discussed before entry] 



ACTIVITY' 5: 



J List seven problems that must.be considered before en- 
gaging in any work within £ confined space or vessel. 

i. 



2. / \ ' 


3. , 












4. 












5. 


» 










6. 












7.V . 
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OBJECTIVE 6: Compare the difference between Class A,'B, 
^nd^C^cor^^ spaces, »j * t ^ 



There are three classes of confined spaces. Each class is representa- 
five of a different level of risk to workers, Class A being the category of 
highest risk. • * * 

A Class A confined sppce is immediately dangerous to life. Rescue f pro 
cedures require th^entry of -at least Qne extra individual who is fully 
equipped with life-support equipment* Maintenance of. cDmmuni cation requires 
an additional sjtandby person stationed within the confined space. 

A Class B environment is dangerous, but not immediately ' life th?eaten- 
fng. '.Rescue procedures require the entry of no more than one individual 
fully equipped with life-support equipment. Indirect visual or auditory 
commjmi cation with workers must be maintained. 

'A* CI ass C Ispa^e is considered a pofcerttial hazard area but ( one whjch" re- 
'qui # re$ no basic modification of work procedures. Standard rescue procedures 
apply; direct communication with workers may be maintained from outside y the 
confined -space. - 

f ' ' ♦ • 

T^ble 2 shows the oxygen Tevels, flammability characteristics^, and'tox- 

icrty levels of the three classes. 



\ 


* * 

'TABLE 2. CLASSES 


OF CONFINED SPACES. 


* 


• ' HAZARD 


r CLASS A 


CLASS B 


CLASS C 


Oxygen 


16% ot; less / 
*( 122 mm Hg) or 
greater than 25% 
* ( 1-90 mm Hg) 


f 

16.1% to 19.4| 
1(122-147 mm Hg) 
pr 21% 5% to 25% 
*(163-190 mm Hg) , 


19.5% - 21.4% 
*(148-163 mm Hg) 


Flamubl'l ity ' 
Characteristics 


' 20%'or greater 
of. LFL % 
(Lower Flammable 
Limits) 


19% - 19%'LF-L 
(Lower Flammable 
Limits) 


10% LFL or less 
(Lower Flammable 
Limits) 


• */ ■ 

» 

\ 


1 

k 

% 

1 


*• 

• 


SH-32/Page 15 


0 

f 


• 


is ' : 


f 



Toxicity 
Level 



**IDLH 



Greater than con- 
tamination level , 
referenced jn^9 
CFR Part 1910%- 
Subpart 2 - less 
than-*MDLH 



Less than con- 
tamination level 
referenced in 29 
CFR Part 1910 
Subpart 2 



*Based upon' a total atmospheric pressure of 760 mm of Mercury (Hg) af sea 
level . ' 
^^Immediately Dangerous to Life or Health as referenced in NIOSH' Registry of 
Toxic and Chemical Substances-, Manufacturirvg Chemists data sheets, indus- 
trial hygiene guides or other recognized authorities, - * 



(Fill in the blanks.) 



ACTIVITY 6: 



1 



The confined space category of highest risk is 



OBJECTIVE 7: Describe the entry permit system for work- 
ing in confined spaces. * 



Entry, to confined spaces "or vessels must be stridj,x limited to autho- 
rized personnel. All equipment, work* practices , procedures, and work time- 

.V ' 

peribds must receive careful/ review' and confirmation. Authorization is of- 
ficial 1y" granted only through ^the use of a \$8s^\ entry permit sicjned by the 
responsible supervisor. (This .supervisor should be one appointed by manage- 
ment who is trained in all aspects of ctrifine'd space entry and knowledgeable 
as to specif ic, problems and hazards- possible in the supervised areas.) This 
perfnit must include: 1 f ^ ^ 

1.. A location and* description of the work. 

Z.\ A checklist to pnsure that proper vessel preparation and atjnosphen-c , 
tests" have been accomplished. • . * * 

3. A guarantee that these procedures will % be maintained throughout the 
period specified for workers to be*ins % ide the\essel. 



The permit must carry an 



on t ifrfe and date and^not be uked through j a 



) shift change. Essential items which shotfrtl be included on any permit are 



the following (suggested guidelines frdm 



e Kingston Plant if DuPont) 
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'Signature? pf* second line supervisor (of area), supervisor of'person- 
nel, as wel V as' personnel entering ^ank or confined spacei " 

Requirements for speciaj clotjiimg and equipment, . 

a, Nonspdrkingotpols, , # \ 

bl Safety harness (.Wlt)r and lifeline. v 

c,~ ^Breathing apR*ratus (respirators). * 

oves, boots ? goggles, etc. ■> 
Environmental analysis of cqnfined space. 

a. Ai,c analysis frequency. 

b. Explosive* limit check freauency/ 

c. Radiation level check frequency. 

d. Concentrations of toxic stfbst<qj£j5s. 

Reminder to display permit prominently and to post sign showing con- 
fined space work \x\ progress. 

An example of a confined space entry permit is shown here jn fable 3. 



> 



x 



V 

> 



r 



\ 

\ 



r* 



?0 ' 



SH-32/Page 17 



) 



TABLE 3. EXAMPLE OF AN ENTRY PERMIT. 



* 



VESSEL ENTRY PERMIT* 



.Department 



Date 



Na^'of Vessel Being Entered ^ 

Permit Issued on 7-3 Shift 3-11 Shift 

Checklist : . . * , 

v 

Atmosphere Tests (Record Results 1n Completed Colunn) 

1. Oxygen (02) more than 1?.5%^ 

2. Sulfur dioxide (SQ2) less than 6 ppm 

3. Hydrogen sulfide (H2S) less than 21 ppm 

4. Chlorine (CI 2) less than 2 ppm 
5r> Chlorine dioxide (C102) less than 0.2 ppm 

6. Flammable vapors - below 205 LFl 

7. Temperature less than'120*F 

Lockoot and/or 3Hnd Flange (Indicate Total Number Required) 
Observer 

3oes Observer <now: * 



*■ 1 
• .* 



cTime' 



Chect if 
Redid red 



11-7 Shift 



Check when 
Completed 



V 



1. Location of* nearest phone? ' , • _ 

2. Location of nearest persons for HELP? * * 

3. Location cf neajjjKt air masks? 

Harness and life line 

Low voltage of battery powered lignts or c/ound fault s _ 

Protective clothing / ' 

/eswl has been flushed out * 

\ * 

Ladder or scaffolding * 

Ventilation (blowers, air movers, etc.) ; 

All personnel entering vessel, observer and Supervisors must Vign below. This f onn is for the purpose 

of Helping ensure tne safety of all employees and is not a waive*- of any rlgnts. 
« 

'At Have received instructions on* the safety procedure and hazards <if any) of the joo. 



T 




1 






Suoervlsor of P'effple Erterlng Vessel 

(' 


Operating Department Supc^ntencent 







> tne'event that toxic gases %n a vessel cannot be reduced below : h e acc^ot^lj ' 1 eve* as posted on the 
rrscsdure, no j*e shall enter except in an emergency wnere life is ^n dange-**^^ sucn an emergency 
arises. sitner se'.'-ccrita-ned breatning apparatus or an air line resoi rater »1 th ecress :yl1nde" "nust 
De *orn a : •» 1 1 times. 



•Sample f 



skoosa 'F>aper . In. 
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ACTIVITY 7: 



and 



(Cftoose the best answer.) 

The conflne'cl space entry permit system requires: 

a. A checklist to ensure proper vessel preparation 
' ^ atmospheric testing. 

An expiration time and date which prevent^ the 

gentry permit from being used frfough the change of 

\ shi ft. i 

The signature of the responsible supervisor and 
also of the second level supervisor and employees 
entering the confine^ space. 

d. 'All of £he above. 



b. 



c. 



\ 



objectives: Contrast the medical ^exam requi rements for V 
workers in Class A and B confined areas. 



Workers who # enter a Class A or B confined spJce most have a prepl 



ace- 

ment^ physical examination which the employer makes available to them. The 
employer^moii^rovlde the physician performing or refsponsible for the medi- 
cal surveillafnce program information such as the type of <T3nfined space the 
employee may be^ required to enter/ the type of substances the employee may 
encounter, and a desJrfpfrfon of any protective devfces or equipment the em- 
ployee may be requireftto use* The physical examination must include: 



• A demonstration of the worker's ability to use negative and posi- 
tive pressure respirators as cited i it OSHA Standard 29 CFR 
1919.134. 

• A demonstration of the worker's ability to see and hear warnings, 
such as flashing lights, buzzers, or sirens. 

• The examination should plate emphasis on general evaluations of 
the employee's ability to carry out his assigned duties and the 
detectidn ? of ?ny disease or abnormalities which may make it diffi- 
cult for the employee to work within confined spaces. 

Fotlowing completion of the examinations, the physician must give the 
employer a written statement specifying any condition or abnormality fourid 
that would Increase" the risk to the employee's he^ltfi by working in Confined 
spaces. - ' 9 



22 
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Results of periodic medical examirijrtions niust*be made available, upon 
.completion and on request to employees required to work in Class A or B 
^confined 'spaces. ' ' 

Records of exposure to known, health hazards must be included in the em- 
ployee^ medical record. These records must be made available ta the desig- 
nated medical representatives of the Department of Health and Human 
Resources, the Secretary of'labor, the employer, and the employee or former 
employee.- Records must be kept forj'20 years' or longer. Keeping these 
records allows researchers to examine^ procedures used 'and provide examples 
<5f proper and improper procedures. 



ACTIVITY 8: 



Medical exams for entry into Class A confined spaces are 
more rigid than those for Class B confined space entry. 
(Circle one.) • » 
/True False 



OBJECTIVE 9: DiSCUSS 


the-first 


aid 


provisions apd 


training requi remertts 


necessary 


for 


confined space - 


, work. 









{forking or being present in confined spacg often requires certain 
training or knowledge.^ For Class A and B entry there must always ( be someone 
readily available in Ihe area of the confined space who holds a current, 
verifiable certifj/:ate in cardiopulmonary resuscitation (CPR) and basiq 
first aid p^ocediupes . 

Employees musl be aware of the location of the nearest first aid equip- 
ment and must know how to obtain emergency assistance and medical atten- 
tion. An adequate supply of first aid equipment must 1 be made within easy 
access of the confioed space. 

The serous nature of the hazards encountered in a confined space re- 
quires careful structuring of an effective training program that will result 
in safe work practices and techniques. The training program shou>d deal 



ERLC 
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• f*ith the specific hazards to be encountered, be approved by a trained 'indus- 
^ial hygienist or safety person, 3nd be given to all individuals who will 
perform the work- 6r may be'assigned as staadby or rescue persons. # It is 
essential that the person in charge of training know the relevant aspects of 
safety as they relate- to confined spaces. 

The medical needs, of connned space personnel are likel^to be special- 
ized. For example, a fire., explosion, or superheated 'ai r in a confined 
space will result in burns of t(je respiratory tract, with or without imme- * 
diate symptoms. Any worker subjected to such an experience*tiould be ob- 
served in a hospital emergency room. 

The training method, and approach will be deterfrfMed by the previous ex r * 
perience and skills of the employee, with the exception of a newly hired 
person who should receive a complete and thorough safety orientation.' Basic 
types of prescribed training are: 

• Orientation of all new employees - This type of training would ^J/ 
consist of classroom sessions along with a walk-through of the 

physical plant* layout to give the trainee a basic understanding of 
the industrial activity. 

• On-the-job training - This would be a second phase of training. 

After classroom sessions and after 'the trainee has gained a basic 

understanding of the operation and hazards involved, on-the-job 

instruction should include observation and closely supervised par- / 

ticipation in actual work practices, or simulated conditions. 

* 

• Retraining - This, should be performed periodically ancl as fre- 
quently as needed^ fany industrial activities are quite complex 
and operations a re* frequently, updated , to keep up with modern in- 
novations. It fs necessary, therefore,' for a formal training pro- 
gram s to be planned so that all personnel concerned maybe kept 
abreast^of changes. Retraining should also be considered neces- 
sary if a supervisor notices a weakness in employee performance. 

The following are ^commended areas that should be covered thoroughly in * 
training: ^ 

• The types of confined spaces that are found in the industrial com- 
plex. • • 

• Physical and chemical hazards involved. 

v • 

9 S • Atmospheric testing of the confined space. . * . 

• Cleaning and purging of the space. < 

• Ventilation of theTtyace by mechanical' methods to reduce or'elimi- 
nate toxic airborne contaminants. 
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• Isolatiorf and lockout of the confined space., 

• Safety equipment and clothing - A major subject in this^section 
will be. the use of respirators: the types required,, their use, 
quantitative fit (test), respirator cleaning.procedures, and 
proper storage. It should be emphasized that different type res- 

• pirators.are required for different atmospheres "and that thsre are 
dangers involved when the wrong type is used. 

• Buddy system and use of a standby person (s). 

• Communication systems and emergency signals. * ' 

• Rescue procedures, 

• Pennvt^s^stem which is used- by the employer. " . 

• Documentation of Training. Satisfactory completion of this safety 
training, and refresher courses, should be entered into the em- 
ployee's permanent record. 



ACTIVITY 9: 



List at lesst. six /areas that should be covered in a 
training t pragram on safe work practices in confined 
spaces. 

1. _j • . 

2. [ , ; 

3/ ' " ' - 

4. J ■ 

5. . y 

6. 



ER?C 



objective 10: Discuss testing, monitoring, and control- 
ling the environment in confined spaces. 



' Strict procedures must be followed in Jt-^stjng, monitoring, and control- 
ling the environment in a confined sp^ce. , Taking air samples ,in confined 
spaces and interpretation of results should be done by an industrial hygien- 
ist or pr6fessional safety engineer. If this is not possible, a person 
should be specially trained by an industrial hygienist or should attend a 
short course providing the necessary training. In- either event, all workers 
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who. expect to be working in or around confined spaces should beware of the 
various potential hazards that may be encountered in such spaces. These 
workers should know how to use'testing and monitoring equipment and the 
limitations of such equipmeri^. . » 

The presence of dangerous air contaminants can be checlced 'by' u?ing var- 
ious types of 'instruments, Arr employee should initially attempt to use 
•these instruments in the confined space to check for contaminants, but there 
> is a chance that upon entering a confitied space, the person checking coufd • 
be overexposed to dangerous air contaminants, or the instrumentation could - 
* ignite flammable vapors. Because of this danger the correct procedure is. to , 
remain outside the confined .space and bring samples of the atmosphere to the 
testing instruments with sampling lines or containers. .Those sampling lines 
or containers must be able to reach, the bottom of the confinefl space. 
.Instruments taken* into untested atmospheres must be approved by a recognized 
testing agency for such use, and the employee must wear the necessary respi- 
ratory equipment (self-contained breathing apparatus or hose mask with 
blower), sinde lethaj doses of 'various substances (carbon monoxide, sewer 
*- m gas,, etc.) may be encountered before any actual testing can take place. 

Before a worker enters, the atmosphere must be tested 'for oxygen defi- 
ciency, toxicity, and f lammabi 1 ity. These tests must,Se continuous or peri- 
odic while the worker is in the confined 'space. 

Oxygen deficiency may 'occur for any of the following reasons: 

• Rusting tank walls. 

Gases or vapors which have displaced the air. 
•.Ft re. * 

• Plant growth. . - 

• Workers in "the area consuming oxygenT ■ .< 

• Chemical reactions. ^ 

• » 
Oxygen indicators (0 2 meters) usually have a, range / zero to ,25 per- 

cent of oxygen and can be used with a sampling J fjje^ (See Figure 2.) The 
test can be ea$ily andju.ickly repeated. Ifj:ests indicate an oxygen defi- 
ciency, the conf inj^dyspace must be purged until the atmosphere contairrs at 
least 19.5 percent oxygen. Continuous ventilation must be provided and qxy- « 
gen deficiency tests must be continued while workers are in the confined 

K ' 
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ypace. ff the oxygen content . carmot be raised to 19.5 percent, each worker 
must wgar a self-contained breathing apparatus in addition to all .other 
required protective equipment. 




SAMPLING TUBE 
TO ATMOSPHERE 
ATTACHES HERE 



Figure 2. T)xygen -deficiency indicator. 

A flammable atmosphere should be assumed to.be present in any tank or 

vessel^that contains or has ever contained flammable liquids or vapors. 

Subsequent tests must be made before entering and periodically afterwards 

durin{j*any continued operations. The atmosphere may be tested for flammable 
m .vapor-aiT- mixtures by using a combustible gas indicator. (See Figure 3.) 

This instrument should ^be us^ed only by trained persons and must be 
* calibrated before use^^ \. ■ ^ 

Operating instructions must be read and followed an<J*are usually 

printed on the instrument case. These include, essential directions for; 

adjusting' the, voltage and zeroing the djre ct reading instruments. 

Calibration (a mandatory activity performe<\ prior- to actual operation) 
^consists of-ch^ck'tng the accuracy of the instrument afgainst a knowrr standard 
■^I1ty % of- a^ gas such as methane. Calibration ga§ is supplied by the 
' njhrument manufacturer. 
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SAMPLING TUBE ' 
TO ATMOSPHERE 
. ATTACHES HERE 




* Figure* 3. Combustible -gas^l^dicator. 

Combustible gas indicators normally are calibrated to indicate the per- 
-c£nt of the lower explosive limit (LEL) of a gas or vapor in Jhe air being 
tested. Good judgment must 'be useci in*1nterpreting the^ieter reading be- 
cause, tfre. Instrument does not always respond in the same manner to different 
flammable materials. Becaase the responses may vary, the te^1^ must (1) 
compafjg^est results with caljbrat^Kcurves furnished 5 by the. test instrument 
manufactured and (2) calibrate tfle instrument for the gas or vapor in ques- 
tion for the tests to be valid* . • 
t Oxygerf content, should be ctfecked prior to testing* for flammable mix- 
tures because $as indicators will not jfuffction properly in oxygen-deficient 



^fl^ sphfflfes. Only explosion-proof equipment should be brought into areas 
^rore there is any likelihood of flammable j*r explosive mixtures. The c,om- 
bustible gas indicator must have a sampling tube that cart be lowered into - 
the atmosphere to be tested* If tests indicate that the flammable vapor 1 
content of th$ atmosphere is greater than 20 percent of the lower explosive 



J 
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Hnrit (LEL), the vessel must undergo additional' purging. .Mechan.ical venti- 
lation should also be continues to prevent further build-up of flammable 
mixtures. * k 

AM confined spaces must also be tested before entry for the level <5f • 
toxic substances i nr the atmosphere. Gases aftd vapor! can be detected by 
direct reading instruments, colorimetric and stain length instruments, and 
samples collected for subsequent laboratory analysis. Particulates/ fumes, 
and mists are normally determined by collecting samples for subsequent 
laboratory analysis. - 

If tests indicate that employees would be exposed to substances in £x- m 
cess of the threshold limit value(TLV), the confined space must be purged 
until the atmosphere is safe. Continuous ventilation must be provided and ! 
tests for toxic -substances must be made continuously or periodically until 
work ceases in the space. 

If the atmosphere cannot be made safe, an approved respirator must be 
worjw If the atmosphere is hazardous to life, the exposed worker must wear 

self-contained breathing apparatus in addition to another protective 
equipment. Types of res^atiors to be won* when a person is exposed J:p 
toxic materials irv excess of the threshold limit value (which are not imme- 
diately hazardous to life) must be determined on an individual b^is by com- 
petent personnel. 

Air temperatures in manholes or tunnels, particularly thoseproviding 
ccess to steam pipes, may reach 200 degrees Fahrenheit. According to meth- 
ods in use throughout the world, such 'a. condition alone (although usually 
coupled with high humidity and little natural air movement) would rapidly 
result in excessive herft exposure. Any of several excess-ive heat exposure 
ailments could likely occur unless the worker is' adequately protected by ap- 
propriate clothing* or cooled by forced air. 

It should not be assumed that any one instrument will determine kit * 
harmful concentrations of oxygen deficiency, flammable vapors, toxic" sub- 
stances, and excessive heat. Unfortunately, there is no universal device 
that will detect all of these harmful atmospheric conditions; therefore 
extra care is necessary to ensure worker safety. 
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A routine schedule of - propej* maintenance and calibration is necessary 
for all testing instruments^ Deficiencies* and inaccuracies in the instru- 
ments may be caused by improper maintenance, component unreliability, lack 
of calibration, poisoning of the catalysts by interfering substances . in the 
'atmosphere, changes ip airflow rates and volumes, age of test cells, and 
weak batteries. * / 

Accurate testing wilT,detect environmental problems .that must be con- 
trolled. The mo£t common methods for control of the environment within vb«* 
sels and confined spaces are outlinecf^n the following paragraphs. The mosr^ 
appropriate method for any v given situation will* vary, depending on tank con- 
figuration and contents/, & careful selection of the appropriate method is 
essential . - * 

There are several ways to prepare confined spaces or containers- for - 
personnel' entry by using mechanical ventilating equipment. These include 
the following: 

• A duct or large flexible tube is lowered from a suitable fan at a 
top acces's port to 'df&w the heavy vapors from the bottom of the 
space or container. Fresh air is allowed to enter through another 
opening Jn the top of the* enclosure. 

• A large fan is placed in a top opting or port and exhausting 

- started ^t low speed. *A lower access is opened, and the fan speed ' 
*< is increased to its maximum, allowing exhausting of vapors through 
the top while fresh air. is drawn into the lower. 

• A fan is placed in the lower vessel opening, the toff port is 
. opened, and* the fan- forces afresh air in at the bottom of the en- 
closure with vapor escaping at the top. 

v — ' * ' * > * ** ' . , 

In all these casejs, if fTamniable -vapors are involved, the fan must have 
nonferrous .blades, be (electrically bonded to the container or vessel, and be 
approved electrical ly , for the conditions, ' Al 1 toxic and flammab,le vapors 
must be exhausted to a safe location where they will not create additional 
hazards. All such ventilation and accompanying atmosphere -tests must be 
performed by a trained $nd ^qualified individual and records kept of proce- 
dures and results. ^ ^ 

. The simpl^sj^bot often possibly the least efficient method of freeing 
or purging a confined space of vapor is through natural ventilation. This 
method consists of open ing'two^ or more portals and letting natural air cur- 
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.rents remove the vapors inside. Due. to the lack of control over air cur- 
rents, extreme care must be exercised'to Eliminate sources of fgnition from 
the area of potential fl&mm^ble vapors, and to^frotect personnel from poten- 
tial toxic vapors arqps; Regular testing will determine when safe levels 
exists. In all cases* personnel- must be^. thoroughly instructed in the haz- 
ards, the precaution*, the procedures of the operation, and the materials 
involved. . ^ 

Where adequate pressure /is available and time is not a factor, steam 
fnay be used for vapor 'freeing confined spaces'. A steam nozzle, electrically 
bonded to the vessel or enclosure, is used to introduce low pressure near 
the bottom of the space, with a' top port or access open.* This method can be 
continued untij the surface temperature of the vessel reaches ab^w790 
degrees Fahrenheit. Following steam, the vessel or space should be thor- 
oughly flushed with water. The, steam method should not be used foKvappr 
freeing where the steam might damage valves, gaskets, controls, or safety 
devices. 

In special situations and instances where entry into the confined space 
Is not required or can be achieved with the use of self-contained breathing 
equipment, and there is a need for purging the space of flammable or other 
hazardous residue or vapors% one of the two^'fol lowi.ng methods ,may be ap- 
plied: 

• Water may be used for direct displacement of vapors by filling the 
vessel or container and allowing the vapors to escapt through 
openings to the top. Thfc water should be allowed t;o overflow un- 
til no traces of flammable or toxic materials are detected, tie- 

* . pending on the necessary operations, the water may be left fh the 
container or drained out. If the water is drairted out, then tests 
must be conducted to 'ensure that r^idual vapors do not exist at a 
hazardous level. 

• Similarly, inert gas (a- gas* that is nontoxic and will not explode 
or burn easily) may bemused for displacement of vapors. The inert 
gas is introduced into either the top or bottom of the confined 
space (depending on the relative specific gravities Involved) and 
the'vapor is expelled through the appropriate* ports. The inert t 
gas may b$ left'ln the space or removed as required. It is Impor- 
tant to remember -that the Inert gas will a'lso displace oxygen. 
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ACTIVITY 10: 



(Choose the best answer.) 1 * 

1, Combustible gas indicators .must be: 
^ a, used only by trained persons, 

b.""^ calibrated before using. 
c % usedViTy before entering the\onfined spac? 
and not during operations. 

d. a ahd b. ' 

e. a, b, aad c. ^ * * 

i 

2. If flammable vapors- are present where mechanical 
ventilation is- to be employed^ then these precau- j 
tions toust be. taken: 

a. thre fan must be approved^lectricaltfy for the 
\ . conditions. 

b, the fan must have nonferrous blades, 
the fan must be bonded, to the 'container. 

d. a 'and fa. 
s e. a, b, and c. 



objective biscuss the requirements for* using 
labels, posting signs, and using safety and personal 
protective equipment fon-worlTin confined spaces. 



j, All labeling and posting should* be according to_ standards. ATI warning 
signs must be printed both in English and in the predominant language of 
non-Ervglish reading workers. Where established symbols exist, they must 
dlso be used., Workers unable to read labels and posted si§n§ shall 'receive 
information regarding hazardous areas and must be informed of the instruc- 
tions printed on the signs. ' . 

r 
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All entrances to, any confined space must be posted.. Signs .must' in- 
clude, but aire not necessarily be limited to,"-.£hfi' foil owing information: 

\ I, DANGER . 

— TtONFINED SPACE - . 

* 

ENTRY BY PERT*!! ONLY 

When a specific work practice is performed or specific safety equipment 
is necessary, statements td that effect must te added, in Isrge letters, -to' 
the warning sign : • * - 

, RESP IRATOR^AiRU I RE*D 
HOT WORK PERMITTED FOR ENTRY NO HOT WORK ■ 

• ' l - I."'-'. • ' 

Emer^fency^ procedures, including ptane numbers of fire department at^ 
emergency medical services, *iust be posted conspicuously within the / 
immediate area of the confined spac e f o r at the telephone from which help 
would be summoned. , i 

Personal protective equipment must be considered only *s a last line of, 
defense for employees against occupational injury or illness. Engineering 
controls must be utilized when feasible to eliminate hazardous exposures. 
Confined space cleaning, \purging, and ventilation are required to provide a 
safe atmosphere. Frequently, additional safeguards are necessary to ensure 
employee safety. Unique problems often arise in utilizing such equipment in 
confined spaces. Such problems, along witl? the generally high degree of 
hazard inherent in work in csnfined spaces, mandates effective personal 
protective equipment policies. 

, v Once a confined space has been tested and found clean, it should be 
continuously sampled during any work periods during which conditions change 
because of occupancy and work. In addition to manual sampling, there are 

^automatic sampling devices thaft are set to warn if the oxygen goes below a 
certain level, the carbon monoxide content of the atmosphere reaches a haz- 

*ardous levelor'the LEL (lower explosive limit) of a gas is reached, or a 
preset level of other specific materials is reached. There are also badges 
that ^rnay be worn' that change color when certain limits are reached. How- 
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ever, these should be viewed as additional protection * and .should not take* 
the place of continued monitory»g, of the atmosphere by trailed personnel.' A 
In one or another of the various types of confined spaces, it is likely that 
a worker will encoljhttr a hazard tthat can ahd should be controlled, (on an 
immediate basis at least) by usini any of 'the various items of face or *body 
protection.-^ fact, virtually afy piece" of personal protective equifAit 
may &e neede^ccording to the task and the hazard. Included are eye pro- 
tectors, hard hats, gloves, coveralls or aprons, foot protectors, Safety 
belts' (harness, lifeline), ear protectors, and life jackets, Any entry per- 
mit devised -by the employer should listen required protective equipment. 
Respirators may be required when entering a confined space because of toxic 
contaminants or oxygen deficiency. Although minimising exposure to the 
worker,, respirators are generally intended only' f6r intermittent or emer- • 
gfency use. They constitute the "last resort" and should only be used when 
ventilat-ion will not make the atmosphere safe. If respiratory protective 
equipment is relied on fo_r 'confined space entry, the following pitfalls must 
-be avoided:( • * 

1. The proper type may not be' provided. 
2.. The employee may not wear it. 

*3. Respirators may not be properly cleaned and sefmiced^- 



rmicedy 
edVr 



4. Facepiece fit may be poor, permitting unf i ltered iH r to enter. 

5. * Chemical cartridge respirators or gas roasts may be worn without j^gard 

to the danger of oxygen deficiency. 

espiratory devices remove contaminants from the atmosphere and can be used 
only in atmospheres which 'are not oxygen deficient (less than 19.5 percent 
oxygen' at sea level) and within specified concentration limitationi (shown 
on cartridge or canister label). The useful life of an air purifying device 
is dependent upon the concentration of the contaminants, the breathing vol- 
ume of the wearer, and the capacity of the air purifying medium. 
There are three basic types^Y^ir purifying devices: 

• Mechanical filter respirators (see Figure 4a) - These provide 
respiratory protection against parti culate jmatter such as dusts, 



) 
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• fumes, ,and mists. Selection t of the appropriate respirator is" 
based on the type, toxicity, and particulate siie of t;he particu- 
late matter. V a , 

• Chemical cartridge respirators (see figure 4b) - These respirators 
provide protection against specified gases and vapors in concen- 
trations not in excess of 0.1 percent (by volume). Where exposure 
is both gaseous and particulate, a combination chemixal cartridge 
and mechanical cartridge and mechanical filter ryspiftator may be 

. used. i < t 

• Gas masks (Figure 4c) - These provide respiratory protection 
against certain specific gases arid vapors in concentrations up to . 
two percent volume '(or as specified on_the canister label) and 
against particulate matter. 

Air-purifying devices can aid in the delivery of \contami nant-f ree, nontoxic 
breathing air to the wearer's facepiece within the fimits of each device. 
Only hose masks and/or self-contained breathing apparatus are suitable for 
use in atmospheres immediately dangerous to life (Class A). Specific condi 
tions of use will usually prove one of thesje-types more suitable over the . 
other. 





Figure 4. Air-pi/rify.ing devices. 



1 
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The basic types of-^supplied ai r respirat&s -are: s. 
Air line respirators (see Figure 5) - These-respi rators should 



be 



. used only in atmospheresyiot Immediately harmful to life or from 
which tffc wearer can escape without the use of the respirator. # 
This limitation is necessary because the air supply is not'carried 
by the wearer o^ttre^respi rator. # 

• If a compressor is used for supplying air, Suitable inline air 
purifying sorbent beds and filters must be installed to assure 
acceptable breathing air quality. If an oil Uftfricated compressor 
is used, it must have either a high temperature or carbon monoxide 
alarm, or both. If only a high temperature al,arm is used, the air 
from the compressor must be frequently tested for carbon monox- 
ide. ItMsralso advisabVe to check ,the # loc$tion of the compressor 
to ensure that other toxic substances are not picked up by the* 
compressor and to ensure that other toxic sybstances are not 
picked up by the compressor's air intake. 

• Hose masks - Di these masks, outside air is supplied 'directly to 
the wearer. 'They are ^avai labl£ either witlv'or without blowers. 
Approved ho^fe masks with blowers can be used in any atmosphere' 
regardless of the degree of contamination or oxygen defifciency, 
providing clean, breathable air can be reached within the maximum 

— allowable hose length (300*ft). Hose masks^are not recommended 
for'use in immediately dangerous atmospheres. 

• Self-contained breathing apparatus (see 'Figure 6) - These provide 
complete respirato'ry protection in toxic atmospheres that are 





Figure 5. A^r-line respirator, 




Figure 6. Sel f -contained 
breathing apparatus. 
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life-threatening and where there is oxygen deficiency. The four 
basic types are: ox/gen cylinder rebreathing, self-generating, 
demand, and pressure demand., - . 

The minimu/n requirements for an effective respirator program are listed 
below: 

Written standard operating procedures governing the selection and 
use of respirators must 1 be established and available for all con- 
cerned. 

• RespiraJtors must be selected on the basis of the hazards to which 
fhe worker coirld be exposed. - * 

• The user must be in$trycted and trained in the proper use of res- 
ptratOM and their limitations. 

. ^ Where practicable,* the respirators should be assignetf to individ- 
. ual workers for their exclusive use. . 

• Respirators must be regularly cleaned and disinfected^ Those 
issued for the exclusive use of one worker should be cleaned after 
each day's u§e or more often, if neces^ry. 

• Respirators must be stored in a convenient, clean, and sanitary 
location. 

j 

• 'Respirators used routinely must be inspected during cleaning. 
"* - Worn or deteriorated parts must be replaced. Respirators for 

emergency use/ such as self-contained devices, must be thoroughly 

inspected at least once a month and after each use. 

• Appropriate surveillance of work area conditions and degree of . 
% employee exposure or stress must be maintained. 

Regular inspections and evaluations must be made to determine the 
continued effectiveness of the prog?S^ 

• Persons should not be assigned to tasks requiring the use of res- 
pirators unless it has been determined that they are physically 
able to perform the work and use the equipment. A physician must 
determine what'health and physical conditions are pertinent. The 
respirator user's medical status should be reviewed periodically 
(for instance, annually). 

• Approved or accepted respirators must be used. The respirator * 
furnished must provide adequate respiratory protection against the 
particular hazard for which it is designed in accordance with * 

standards established by competent authorities. 



37 



Page 34/SH-32 



ACTIVITY 11: 



(Fill, in ttitf blanks.)* • - 

1. Three basic types of air-purifying devices are: 



a. 
b. 
c. 



2. The best protection for atmospheres that are life 
threatening and where there is oxygen deficiency is 

* y 



objective 12: Describe isolating, locking out and 
tagging Class A and B confined spaces. 



The purpose of locking, tagging, and isolating is to prevent inadver- 
tently activating electrical ci'rcuits; mechanical power transmission- appa- 
ratus; conveyor systems; agitation systems; steam, yapor or liquid transfer 
systems; or any other operations or processes associated with the vessel or 
space whose operation may expose employees, working within to hazardous con- 
ditions. Locking, tagging, and isolating 1s required in Class A and B con-, 

fined space areas and is recommended for Class C confined space areas, 

« 

The typje of equipment used in protecting a space or vessel will depend 
on' the type of equipment that is being locked or isolated or the type of 
materials being $ecured\>r isolated. The following equipment is commonly 

used for protecting a Space or vessel through locking, tagging, or*1soTat- 

* ik 

ing: 

Ranking flanges (with skillet blanks). 

• Chains with padlocks. - * * 

• Padlocks. - . 
• • Lock-out boxes. * 

• s Multiple lock hasps. ♦ ^ 

••'Special keys and wrenches. " '• 

\» Tags. . 



ERIC 
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Different types of equipment are shown in Figure 7. Proper preparation, 
employee .education, follo^-u^ and supervision are essential to any success- 
ful locking, tagging, and isolating program. Proper employee protection can 
be ensured only if all power sources and potential exposures from any haz- 
ardous materials or systems are positively eliminated. , 




Figure 7. Lock-out devices. m 

Three basic phases of the system are lock* tag, and try. First, all' 
t-he systems or equipment that could create a hazardous cpndition must be 
, identified and positively eliminated through locking and. Isolation. ATI 
electrical apparatus must be -shut off and locked in the* off position. 
Mechanical power transmission apparatus and agitators J\ust be mechanically 
disabled or locked to prevent operation* Valves must be closed and locked 
in the closed position. Additionally, the piping should be disconnected ^ 
from the vessel and further f disabled by installing blanking flanges-or 
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skillet bTanks, especial ly, in cases where misalignment is impractical. 

• Second, signs or tags should be posted stating that the device or sys- 
tem has been deactivated and warning against further use. *A checklist and 
supervisory approval system (with a signed'verification form) listing all 
tagged points is insurance that all systems have been locked-qut and iso- 
lated. 

The final phase involves "trying" activators (buffers, switches, etc.) 
to verify complete deactivation. Thus, before any employees enter a space 
or vessel, the start buttons, valves, and other actuating devices Should be 
tried to ensur£ that they ar*a disabled. 

Before removing any locks/V:ags> and isoTation devices, employees and 
sypervisors must verify that the equipment or system locked-out is safe to 
.operate. This is primarily a supervisory responsibility utilizing check 
lists' and verification forms. Assurance of the following conditions is man- 
datory: ^ 

• All personnel are clear of hazardous equipment and spaces. 

• ATI guard$ are installed. 

All previously exp$jpd electrical^ wi ring and equipment ^re properly 
covered. y • 

• AIT piping systems and open pipes are closed and properly connected. ~ 

• All agitators and similar devices are free" of loose, unsecured objects. 

Lock-out procedures are effective only when rel igiously^ollowed by„, 
both management and emp-loyee. The program must be enforced through constant 
monitoring and strict adherence to the prescribed procedures. 



ACTIVITY 12: | 



List the three basic phases of any lock-out .system. _ 
l; 



2. 

3. 



0> 
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OBJECTIVE 13: List the cleaning ^and housekeeping ftroae 
dufes for confined spaces. S „ , / " 




Cle.aning and housekeeping are important in 3ny confined space. Proce^ 
dures and processes used to clean the inside of a^confined space must be 
reviewed and authorized by the 'qualif\jed person, * The .prescribed method is 
depfendent upon the, product thvt is present or ttat has bee* present in the * 
space. Af the confined space contains a flammable atmosphere above the 
upper flammable limit, it^rnjst be, purged with an* inert-gas to remove the 
flammable substance before ventilating with o air. Initial cleaning must be 
done from outside the tank if at dll ^possible. * 

Special procedures should be adopted, to handle the hazards created by 
the cleaning process itself, for example, if the tank is steamed, ^1) it 
mjjst befell owed to coqI prior. to" entry; (2)" ventilation must be\maintaine~d 

during neutralization procedures to prevent. bpi*d-up .of toxic ^tericils; (3) 

' * , *■ 

steaming must not fee- used as a clearring methdd.when the product 



was a 



• liquid with an auto-ignition temperature of 120%;or. less of^he 
temperature, and^ (4) the pipe or nozzle of the steam hose must be bonded to 
*tW tank to ttecraase the generation of static electricity that Tould 
accumulate in tan|cs during steaming procedures. T^lse and other hazards and 
controls njust be evaluated by the' qualified person in cha?^. t * B 




i^. ACTIVITY 13: 



cle True or False.) 

e cleaning process creates no hazards ^itself. 
True False * • 

A steamed tank must be allowed to cool prior to 
entry. * * ^ * 



9 



■True 



False 
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OBJECTIVE U: Describe the equipment and tools used in 
Class A, B^nd C confined working areas. > , 



Equipment and tools to be usecf in a cdifined space must be carefully 
inspected and must meet the following requirements: & 

• Hand tools must be kept clean' and in good repair. ^ 

• Portable electric tools, equipment, and lighting mu$ f t be approved in 
accordance with 29<CFR Part 1910. Subpart S and be eq'uipped with a 
ground fault circuit interrupter that meets the requirements of 29 CFR 
1910.304. -All grounds must be checked before electrical equipment is 
used in a confined space. * A 

• AlTelectrical corclsf tools,' and equipment must be on heavy duty type 
with heavy duty insulation, an^ ^iey must be inspected for visually 
detectable defects before use in a* confined space. 4 . 

• Air driven power tools must be used when flammable Jiquids are pre- 

• sent. Theuse'of air driven power tools will reduce the^risk of explo- 
sion, not eliminate it. Explosions can be*caused by tools overheating' 
(drilling), sparks produced by striking (percussion), grinding or dis- 
charge or accamulated electrostatic charges developed from the flow of 
compressed air. » 

• Lighting used 'in Class A and B confined spades must be of $xplos'ion 
proof design and, where necessary, equipped with guard?. Only equip- 
ment listed by the Underwriters -Laboratories for use in Division 1, 
atmospheres of the 'appropriate class and' group, or approved by U.S. 
Siire^u of Mines should be used. Lighting must not be hung by electric 
cords unless the cords are specifically designed for that purpose.* "The 

„ illumination of the work area must b£ sufficient to provide for safe 
work conditions as referenced in, the 'ANSI standard All. 1-1965, or t(ue 
revision, 1970. Under no circumstances should matchesJNof ojfen flames 
be usetf in a confined space- for illumination. J 

- Cylinders of compressed gases must never be taken into a confined 
spac$; they must be turned 'off at the cylinder valve^when not in use. 

• Exempt from this rule are cylinders that are part of'self-contained • 
breathing apparatus or resuscitation equipment. 

Ladders must be adequately secured or be of -a -permanent type which pro- 
vides the same- dagf-ee of safety asfc^ited in 29 .CFR Part 1910 Subpart D. 

• Scaffolding and staging must be properly designed to carry the maximum 
- ^expected load (safety factor of 4), be equipped with traction type 

v planking, and meet the requirements of 29 CFR 1910.28. ^ 
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• Eljectrical lines and junctions must be in accordance with National 
Electrical Code (NEC) and National Fire Code (NFC) as cited in the OSHA 
regulations, Subpart S. 

• Only hose lines and components designed specially for compressed gas 
and its working pressure can be used, and suciv^systems must haye a 
pressure relief valv£ outside the^ confined space." 

• All equipment that may be used in a flammable atmosphere must be ap- 
proved as explosion proof or intrinsically safe for the atmosphere in- 
volved. Approval must be by a recognized testing laboratory such as 
the U.S. Bureau of Mines' or MSHA for methane and by the Underwriters 

x laboratories or by Factory Mutual. ^ 

■ 

# ^m^^^^mm ACTIVITY 14: — 

Lighting used in Class A and B confined spaces must be: 

a. of explosion proof design. 

b. listed by Underwriters Lab for tase.in Division 1 
atrtjpspheres or approved by other listed ,govern- 

■ merftal agencies for such use. 

c. provide illumination sufficient to provide for safe 
,work conditions as described in ANSI standard All. 
1-1965 or revisions. . 

d. All of the above. V 




objective 15: State .the special precautions to be taken 
when working Mn confined spaces^with hazardous atmo- 
efes. 



h T*fble 4 provides a checklist of considerations to be reviewed when one 
is preparing to work in confined spaces. . 

r 

o • • 



43 

Page 40/SH-32 * 



TABLE 4/ CHECKLISt'OF CONSIDERATIONS FOR ENTRY, WORKING IN, 
_ - AND EXITING FROM CONFINED SPACES, 



/ . I tan 
I., Piprntt 

2. Atmospheric testing "* 
Honltdrtng 
Med1 <u U survel 1 1 anct 
training qjppersormel 



3. 



10. 
Ml. 



labeling and posting * 

Preparation 

I s o J* te/ 1 ockou t/ tag 

Purge and ventilate 

Cleaning processes^ * ' 

' Retirements for special 1§r 
equlpnent/tools 1 - 

Procedures * * 

Initial plan 
Standby * / 

ftoiwunl cat1 ons/ob$eirva t1 on 
Rescue *■ 

Work ' 4 f % 1 



Safety equipment afnd clothing* 

•Head protection ^ 
Hearing protection^ • i/ 
IJand protection * •* 
Foot protection » * * V 

-lody protection^ "* ^ 
Reselratory protection * 
Safety belts , >, w 

Life lines, harnesses,."* 



C?ass A 

* X 
.X 

•x 

, X 
X 

r x 

X 

0 ' 



.X 
X 
X 

X • 

X . 



Rescue equipment 



0 
0 
0 

% 

0 
0 

t x 

X 
X 



Class B 
X 

* X 
0 . 
X 
. X 
X 

X 
X 
0 



X 
X 

*• 

X 
X 



0 

p 

0 

0 

X 
X 

X 

, X 



3ecordkeeping/exposure 

"X" - Indicates reauiraient. # 

<*Q* - Indicates deteral nation by the qualified person. 



Class C 
X 
X 
0 
0 
X 
X 

X 
0 
0 

0^ 

x 4 

Q 

X 
X 
X 

' 0 
' 0 
0 

0 , 

0 

0 

X 
X 



44 



SH-32/Page 41 



•v 



When working 1n hazardous atmospheres in confined ^ 
spaces, which of. the foljowjng are required? ; 

a. Signed permit. % 

b. ^ Atmospheric testing and monitoring, , 

c. Medical surveillance. 

d. Labeling and posting. 

e. Special preparation and posting, . 

f. Special personnel training 6 . 

g. Safety equipment, clothing, and rescue equipment. 

h. Recordkeeping of. exposures. 

« 

i. a through g of the above, 
j. AIT of the above. 



OBJECTIVE 16: Describe the types of records that must 
be kept for Class A and B confined space jerking areas. 



Certain recbrds that relate to Class A and B space must be kept by thte 
employer. The employer must mai ntaln a written record of training including 
safety drills, inspections, tes£s, and maintenance. The records must be 
retained one ykar after x t£e last date of training, inspection, test, or 
maintenance///!* the event of separation of the employee or disposal of 
'equipment or appliance, records may be disposed of after one year. 

Where atmospheric testing indicates the presence of a toxic substance, 
records musfc be. maintained .in accordance with the existing federal regula- 
tion^)./ These records must includethe dates and time of measurements, 
duties and location of the employees within the confined sjfiace, sampling and 
analytical methods used, number, duration, and results of the samples taken, 
PEL (Permissible Exposure Lev^i, as prescribed by OSHA) concentrations esti- 
mated from these samples, type of personal ^protective equipment u^ed, (see 
Figure 8) ,if any, and employees 1 names. These records must be mfSe avail- 
able to the designated representatives of the Secretary of Labor, of the 

4 
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Secretary of the Department of Health anjl Humai^ Resources, of the employer, 
and^of the employee or /former employee. 




Figure 8. Records must be kept of What kind of protective 
clothing employees wear ijn Class A and B spaces. 



/ 



ACTIVITY He:* 



Which of the following records that relate to working , in 

Class A and B confined spaces are not required? * 

a. Safety dri 11 *, inspection^, tests, maintenance, and 
other training. „ a 

Atmospheric testing and monitoring, personal pro- 



fa. 

c. 
d. 



tective equipment used. 

Payroll records of hazardous, pay. r 

Additional records required by this and other gov- 
ernmental regulations. 



OBJECTIVE 17: Explain the preparation steps that must 
be performed on boilers before entry is made. „ 



Toxic materials found ' in ^boilers vary depending oh the fuel used^in the 
operation of the boiler and the problems encountered. Some common hazards 
that can be encountered arj| carbon mojiox1de t hydrogen sulfide, methane, 
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coal tars, etc. The boi ler must be considered^! confined space and the 
atmosphere properly vented and tested before'a permit is T?Sued and en- 
try permitted. . • 

As in all confined spaces, the lack of oxygen is an ever present** 
threat, and breathing equipment must be provided: /self-contained, air lin^ 
respirators, or continued ventilation.' As in any- confined space, the air 
should be continuously monitored to assure that a correct level of oxygen is 
present. 

All boilers should be cooled* to be\ow 100°F before entry is considered. 

• The* possibility of fire should be minimized by^proper ventilation and 
where necessary, advanced cleaning should be completed prior to entry. 

• There should be'no hot gases or liquids present as proper forced venti- 
lation an$ cooling .plus draining of the system should be completed be- 
fore issue of an entry permit or entry is made. 

• Inadvertent heating of the vessel should be made impossible by lock-; 
outs of equipment and blinking off of fuel lines prior to entryi 

Agitation mechanisms must be locked-out and, if possible, disconnected prior 
to entry. 

Precautions prior to entry into a boiler once it is co64ed should be 
the same as entry into any< confined space, Including all of' the essentials 
discussed previously such as trai-ning, using personal protective gear, test- 
ing, monitoriQg, checklists, etc., but in addition, special attention should 
be given to the following points: 

• All tanks and tubes should be drained, and where appropriate, purged. 

Forced ventilation or an adequate natural ventilation must be carried 
out to^urge the atmosphere and continued to maintain proper oxygen 
„ levels. ' 

• When? necessary, the boiler or pressure vessel should be cleaned to 
remove potential harmful deposits. 

• As outlined in the confined spaces requirement for issue of an entry 
permit, all pipe lines leading' into or out of the 'boiler or vessel must 
be disconnected and blocked to avoid the possibility of-any accidental 
entry into the boiler or vessel of any gas,/ liquid, or fuel. 

• To, avoid the possibility of any power driven equTpment being energized, 
such equipment must' be -locked out and disconnected. 
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• Testing of the atmosphere in" the confined space , (boi ler or pressure^ 
vessel) for flammable or toxic gases and proper oxygen levels prior Jto 
entry is a must as* is continued monitoring to assure a continued sire 
atmosphere. m 

When the foregoing six points and all of the other requirements for 

issuing an entrApermit are met, then it should be issued and signed by the 

a authorized , supervisor; the second level supervisor, and all employees who 

are assigned to the crew. * 

i 

"^^^^■^^^ ACTIVITY 17: ^h^^^^^^^h . 

Which of the following preparation steps may not be 
needed before entry into a boiler. 

a. Isolation/tagout/lockout . 

b. Purging and ventilation. 9 

c. Clearing from the outside^ 

d. Special equipment/tools. . / 

REFERENCES 

: ~< • ■ \ • " 

National Insitute for Occupational Saffety and Health. Criteria for a 

Recommended Standard: Working in Confined Spaces . (NIOSH Publication 
Numer: 80-106). 

National Safety Council. Accident' Prevention Manual for : Industrial 
Operators . 7th ed. Chicago: National Safety Council, 197*8. 



ANSWERS TO ACTIVITIES 

ACTIVITY 1 
False. 

ACTIVITY 2 

1. c. , 19.5%. 

2. d. Ringing in the ears and labored breathing. 

" 48 
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ACTIVITY 3 

1. Offactory fatigue. 

2. Concentration or amount. 

ACTIVITY 4 

1. a. Cleaning 
• ' b. Purging. 

2. a. Lpw^r Explosive Limit, 
b. Upper Explosive Limit. 

ACTIVITY 5 

(Any,.seven of these nine.) 



1. 


Mechanical . r 


2. 


CommtKiication. 


3. 


Entry an&^exit. 


4. 


Thermal ef f eijfts . 


5. 


Noise. 


6. 


Vibration. 


7. 


Saffolding. 


8. 


Surface residues. 


9. 


Rescue procedures. 



ACTIVITY 6 . 



CJass A. . 

ACTIVITY 7 ft. • 

d. All of the above. 

ACflVITY 8 
False. 

ACTIVITY 9 

(a/iy six of these eleven.) ^ 

1. ' Types of confined spaces. 

2. Physical and chemical hazards. 

3. Atmospheric testing. 

4. Cleaning and purging. 

» 

i 
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5. Ventijatiin. 

6. Isolatfon^^nd lodFout. ^ 

7. Safet^H^ipment and clothing. j 

8. Buddy^Ptem.. 

9. ^Communication^ 

10. Permit system. 

11. .Rescue procedures. 

ACTIVITY 10 

1. dT H a and b. 

2. * m e. a, J>, and. c. 
ACTIVITY- 11 

1. . a. Mechanical filter respirators.* 5 

b. Chemical cartridge respirators. 

c. Sas masks. 

2. Se,lf -contained breathing apparatus. * 

ACTIVITY 12 ' 

1. Lock. 

2. Tag. 

3. Try. 

ACTIVITY/13 * 

1. False. , . 

2. True. ^ v . + % 

ACTJVITY 14 6 

d. Listed by Underwriters.Lab for us? in Division 1 atmospheres or 
approved by other listed governmental agerfcies. 

ACTIVITY 15 

j. m All of the above. 
ACTIVITY 16 

a. Safety drills, inspections, tests, maintenance, and other training, 
c. Payroll records of hazardous* pay. 

ACTIVITY 17 ( 

c. Cleaning from the outside. t . 



of) 
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